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HORTICULTURAL ENTOMOLOGY
Dose–Response Relationships of Clothianidin, Imidacloprid, and
Thiamethoxam to Blissus occiduus (Hemiptera: Blissidae)
M. D. STAMM,1,2 F. P. BAXENDALE,1 T. M. HENG-MOSS,1 B. D. SIEGFRIED,1
E. E. BLANKENSHIP,3 AND R. E. GAUSSOIN4
J. Econ. Entomol. 104(1): 205Ð210 (2011); DOI: 10.1603/EC10268
ABSTRACT The western chinch bug, Blissus occiduus Barber (Hemiptera: Blissidae), has emerged
as a serious pest of buffalograss, Buchloe¨ dactyloides (Nuttall) Engelmann. In general, neonicotinoid
insecticides effectively control a variety of turfgrass insects, particularly phloem-feeding pests. How-
ever, because of well documented inconsistencies in control, these compounds are generally not
recommended for chinchbugs. This studywas designed todocument the contact and systemic toxicity
of three neonicotinoid insecticides (clothianidin, imidacloprid, and thiamethoxam) to B. occiduus. In
contact bioassays, thiamethoxam was 20-fold less toxic than clothianidin or imidacloprid to B.
occiduus nymphs and three-fold more toxic to adults. In adult systemic bioassays, thiamethoxam was
up to Þve-fold more toxic than clothianidin or imidacloprid. Interestingly, thiamethoxam was signif-
icantly more toxic to adults than to nymphs in both contact and systemic bioassays. This was not
observed with clothianidin or imidacloprid. Bifenthrin, used for comparative purposes, exhibited
1,844-fold and 122-fold increase in toxicity to nymphs and adults, respectively. These results provide
the Þrst documentation of the relative toxicity of these neonicotinoid insecticides to B. occiduus.
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Buffalograss,Buchloe¨dactyloides(Nuttall)Engelmann, a
perennial warm-season grass, continues to gain in pop-
ularity as a turfgrass due to its low maintenance re-
quirements and exceptional heat and drought toler-
ance. Comparedwith traditional turfgrass species, it is
relatively free of diseases and arthropod pests when
grown for turf, sod, or seed (Baxendale et al. 1999).
Over the past two decades, however, the western
chinch bug, Blissus occiduus Barber (Hemiptera: Blis-
sidae), has emerged as a serious buffalograss pest. This
chinch bug is widely distributed from California, Col-
orado, Kansas, Montana, Nebraska, and New Mexico
in the United States, and Alberta, British Columbia,
Manitoba, and Saskatchewan in Canada (Bird and
Mitchener 1950, Slater 1964, Baxendale et al. 1999).
In Nebraska, B. occiduus has two generations each
year and overwinters as an adult within the turfgrass
stand. The Þrst generation completes development by
mid-June and is present until mid-August (Baxendale
et al. 1999). Second generation adults appear in late
August and remain active until fall temperatures cool.
Overwintering adults are primarily brachypterous
(Baxendale et al. 1999).
Chinchbugs injure grasses bywithdrawing sap from
stolons and plant tissues in the crown area (Baxendale
et al. 1999). It has been hypothesized that chinch bugs
inject salivary toxins while feeding (Painter 1928, Pot-
ter 1998), which may result in plant damage by in-
hibitingwater and nutrient translocation (Heng-Moss
et al. 2005). Early symptomsof chinchbug infestations
include reddish purple discoloration of the leaves. As
feeding progresses, damage results in patchy turfgrass
stands, which turn yellow and dry to a straw-brown
color. At higher infestation levels, chinch bug feeding
can cause severe thinning or death of the turfgrass
stand (Baxendale et al. 1999).
Insecticides, including the neonicotinoids, provide
an important management option for controlling a
wide range of piercing-sucking insect pests, including
the turfgrass-inhabiting chinch bugs Blissus leucop-
terus leucopterus Say, Blissus leucopterus hirtus Mon-
tandon, Blissus insularis Barber, and Blissus occiduus
Barber. Neonicotinoid insecticides feature broad-
spectrum activity, low application rates, excellent sys-
temic uptake and translocation in plants, a novelmode
of action, and reduced environmental hazards
(MaienÞsch et al. 2001a). When applied to the soil,
these insecticides are taken up by the roots and dis-
tributed throughout the plant to give long-lasting con-
trol against many sucking pests (Elbert et al. 2008).
Neonicotinoids are agonists of the postsynaptic nico-
tine acetylcholine receptors (nAChRs) of the insect
central nervous system (Nauen et al. 1998). The low
toxicological risk of neonicotinoid insecticides to non-
1 Department of Entomology, University of NebraskaÐLincoln, 202
Entomology Hall, Lincoln, NE 68583.
2 Corresponding author, e-mail: mstamm3@unl.edu.
3 Department of Statistics, University of NebraskaÐLincoln, 343B
Hardin Hall North, Lincoln, NE 68583.
4 Department of Agronomy and Horticulture, University of Ne-
braskaÐLincoln, 362H PLSH, Lincoln, NE 68583.
0022-0493/11/0205Ð0210$04.00/0  2011 Entomological Society of America
target species, particularly mammalian species, has
been attributed to their selective activity on insect
nAChRs (Soloway et al. 1978, Badio and Daly 1994).
Limited information is available on the toxicity of
the neonicotinoid insecticides to chinch bugs. Al-
though neonicotinoids are most commonly associated
with their systemic properties, some studies suggest
substantial contact activity as well (Nauen and Elbert
1994). This study was designed to document the con-
tact and systemic toxicity of three neonicotinoid in-
secticidesÑclothianidin, imidacloprid, and thiame-
thoxamÑto B. occiduus.
Materials and Methods
Buffalograss and Chinch Bugs. Plugs of ÔPrestigeÕ
buffalograss (10.6 cm in diameter by 8 cm in depth)
were removed from Þeld plots at the John Seaton
Anderson Turfgrass and Ornamental Research Facil-
ity, University of Nebraska Agricultural Research and
DevelopmentCenter(SaundersCo.,NE)(Eickhoff et
al. 2008). Plugs were vegetatively propagated in “Cus-
tomcontainer”plastic nurserypots (17 cm indiameter
by 13.3 cm in depth) (Hummert International, Earth
City, MO) containing a 2:1:3:3 pottingmixture ratio of
sandÐsoilÐpeatÐperlite. The buffalograss plants were
maintained in a greenhouse under 400-W high-inten-
sity discharge lamps with a photoperiod of 16:8 (L:D)
h and irrigated as needed. These plants provided veg-
etative material for systemic insecticide bioassays.
B. occiduuswere collected from buffalograss stands
at the University of Nebraska (Lancaster Co., NE)
with no history of insecticide use during the past 5 yr
by vacuuming the soil surface with an ECHO Shred
ÔN Vac (model 2400, ECHO Inc., Lake Zurich, IL)
(Eickhoff et al. 2008). Chinch bugs were sifted from
samples through a 2-mm mesh screen and collected
with an aspirator (Heng-Moss et al. 2002, Eickhoff et
al. 2008).
Separate bioassays were conducted to assess the
systemic and contact toxicity of selected insecticides
on chinch bug adult and nymphal mortality. Ten un-
sexed chinch bug adults and 10 nymphs (third and
fourth instars) were placed in either insecticide-
treated scintillation vials (contact bioassays) or ex-
posed to insecticide treated buffalograss plants (sys-
temic bioassays). Insecticides included technical
grade bifenthrin (99.0% [AI]), clothianidin (99.4%
[AI]), imidacloprid (99.5% [AI]), and thiamethoxam
(99.5% [AI]) purchased from Chem Service Inc.
(West Chester, PA). Technical grade insecticides
were diluted in reagent grade acetone.
Preliminary systemic and contact bioassays using
Þve 10-fold dilutions (0.01, 0.1, 1.0, 10.0, and 100.0
g/ml) identiÞed approximate lethal concentrations
(LC50) for both nymphs and adults. Concurrent stud-
ies also assessed the same Þve 10-fold dilutions against
Þrst and second generation chinch bug nymphs and
adults to identify potential insecticide response dif-
ferences between generations. Finally, a study assess-
ing the optimal interval for assessing B. occiduusmor-
tality revealed that chinch bug mortality was Þrst
observed 4 h after exposure in the systemic and con-
tact bioassays. Therefore, mortality was evaluated be-
ginning 4 h after chinch bug introduction for both
bioassays.
Mortality assessments were carried out by gently
probing individual insects and assigning a visual rating
of alive, moribund, or dead. Living individuals were
deÞned as those able to move freely and responded
when probed. Individuals were classiÞed as moribund
if uncontrolled twitching and other movements were
observed or if chinch bugs displayed difÞculty inmov-
ing. Chinch bugs were considered dead if they would
not respond toprobing. Preliminary studies havedem-
onstrated that moribund chinch bugs were not able to
recover from insecticide exposure. Therefore, these
individuals were groupedwith those recorded as dead
for statistical analyses.
Systemic Bioassays. For systemic bioassays, experi-
mental enclosures were assembled using 15-ml test
tubes (Fisher ScientiÞc, Pittsburg, PA) and 30-ml por-
tion cups (Covalence Plastics, Minneapolis, MN)
glued together using an ethyl acetate solvent. The
rootsof individualbuffalograssplantswerecut to7cm,
placed in the test tubes containing serial insecticide
dilutions, and sealed with molten (63 2C) parafÞn
wax (Gulf Wax, Royal Oaks Sales, Inc., Roswell, GA)
to prevent insecticidal contact with the chinch bugs
(Eickhoff et al. 2008). Roots and leaf blades measured
7 and 4 cm in length, respectively.
Enclosureswereheldovernight (14h)at 282C
with a photoperiod of 16:8 (L:D) h to allow for in-
secticide uptake. Chinch bugs used in systemic bio-
assays were held for17 h under ambient conditions
(22 3C and a photoperiod of 24:0 [L:D] h)without
food to ensure active feeding during bioassays.
Insecticide stock solutions were serially diluted in
double distilled water. The serial dilutions were pro-
jected to give 0Ð100% chinch bug mortality. Fifteen
milliliters of each serial dilution was pipetted into the
test tubes. Double distilled water was used in the
control with Þve concentrations per bioassay. Plant
rootswere submerged inclothianidin, imidacloprid, or
thiamethoxamdilutions for systemicuptake into stems
and leaves. Five concentrations were selected based
on the preliminary studies described above.
An initial bioassay was conducted in 2008 on Þrst
generation B. occiduus adults, and repeated in 2009 on
Þrst generation nymphs (third and fourth instar). The
experiment was a completely randomized design
(CRD) with three to six replications per treatment.
The concentrations used for nymphs were 0.03, 0.3,
3.0, 30.0, and 300.0g/ml for clothianidin; 0.01, 0.1, 1.0,
10.0, and 100.0g/ml for imidacloprid; and 0.1, 0.5, 2.2,
8.8, and 35.0 g/ml for thiamethoxam. For adults, all
insecticide concentrationswere 0.01, 0.1, 1.0, 10.0, and
100.0 g/ml with six replications per treatment.
Contact Bioassays. For contact assays, 20-ml glass
scintillation vials (Wheaton Industries Inc., Millville,
NJ) were treated with 500 l of diluted insecticide or
acetone and then rolled for 0.5 h on a commercial
hotdog roller at room temperature (22  3C) until
dry (Scharf et al. 1999). Vials were thenmaintained at
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28  2C under 24-h lighting until evaluation at 4 h
after chinch bug introduction. Because chinch bug
feedingwas not required for contact bioassays, chinch
bugs were held for only 2 h before placement in vials.
Serial dilutions of clothianidin, imidacloprid, thia-
methoxam,orbifenthrin in acetonewerepipetted into
scintillation vials. Bifenthrin, a pyrethroid known for
its toxicity as contact insecticides (Elliot et al. 1978),
was used for comparison purposes. The acetone was
assumed to have no effect on chinch bug mortality
(Magalhaes et al. 2008). As with the systemic bioas-
says, concentrations were determined through pre-
liminary studies.
Contact bioassays were conducted on Þrst genera-
tion adults in 2008 and then repeated in 2009 on both
Þrst and second generation nymphs (third and fourth
instar). The experimental design was a CRD with the
number of replications ranging from three to six de-
pending on the level of variability within a treatment.
Final concentrations used for nymphs were 0.03, 0.1,
0.5, 2.1, and 8.4 g/ml for clothianidin and imidaclo-
prid; 0.002, 0.005, 0.010, 0.012, and 0.040 g/ml for
bifenthrin; and 0.2, 0.6, 0.9, 2.5, 2.6, 7.6, 9.5, 10.0, 17.1,
23.0, 30.9, 40.0, 55.6, 70.0, and 100.0 g/ml for thiame-
thoxam. For adults, all insecticides concentrations
were 0.01, 0.1, 1.0, 10.0, and 100.0 g/ml with six
replications per treatment.
Statistical Analysis. Mortality data were analyzed
using probit analysis (Finney 1971) implemented in
PROC NLMIXED (SAS Institute 2006). Four-hour
lethal concentrations were determined for both
chinch bug bioassays as well as their respective LC50
and LC90 conÞdence limits (CL). LC50 and LC90 val-
ues were estimated and signiÞcant differences were
tested at the 0.05 level. Standard errors of the differ-
ences were estimated using the Delta method (Rao
1973).
Results and Discussion
Systemic Bioassays. Results from preliminary bioas-
says revealed no signiÞcant differences in response to
insecticide treatments between the two chinch bug
generations (data not shown). Therefore, bioassays
were not conducted on both Þrst and second gener-
ation chinch bugs. The lethal concentrations (LC50
and LC90) for clothianidin, imidacloprid, and thiame-
thoxamwerecalculated for the tested chinchbugs and
presented in Table 1 and 2 for nymphs and adults,
respectively.
Comparing the lethal concentration (LC50) values
of imidacloprid and thiamethoxam to those reported
for soybean aphid, Aphis glycines Matsumura, these
insecticides were1,000-fold less toxic (31.3 and 16.9
ng/ml, respectively) toB. occiduus nymphs and adults
(Magalhaes et al. 2008). However, for the A. glycines
study mortality was evaluated after 7 d as opposed to
4 h in the current study. This longer insecticide ex-
posure interval could explain the reduced toxicity to
B. occiduus. Prabhaker et al. (2005) conducted a study
on short-term exposure with neonicotinoid-suscepti-
ble sweetpotato whiteßies, Bemisia tabaci (Genna-
dius), and found that 48 h after treatment, inconsis-
tencies existed between insecticide treatments.
Imidacloprid and thiamethoxamLC50 values were 115
and 9.4 g/ml, respectively (Prabhaker et al. 2005).
Comparing results between these two studies, B. oc-
ciduus adults seem to have similar levels of thiame-
thoxam susceptibility, whereas imidacloprid is less
toxic to B. tabaci.
The tested insecticides adversely affected both
chinch bug nymphs and adults maintained on treated
buffalograss plants. However, there were no signiÞ-
cant differences in toxicity for the nymphs among the
toxicity of the three insecticides (Table 1). Despite
the toxicity of clothianidin, imidacloprid, and thiame-
thoxam under controlled bioassay conditions, these
same compounds failed to provide acceptable chinch
bug control under Þeld conditions (Anderson et al.
2005, Eickhoff et al. 2006). Although the established
LC50 values do not correlate with the insecticide rates
used for Þeld applications, these bioassays suggest the
lackof toxicityobservedunderÞeldconditionsmaybe
due to unknown biotic and abiotic factors and plant
responses and not related to inherent tolerance to
neonicotinoid insecticides.
In adult bioassays, thiamethoxam was signiÞcantly
more toxic than clothianidin or imidacloprid, with
Table 1. Nymphal B. occiduus susceptibility from exposure to clothianidin, imidacloprid, and thiamethoxam systemic bioassays
Insecticide n Slope  SE LC50g/ml (95% CL)
a LC90g/ml (95% CL)
Clothianidin 360 0.06 4.17 16.58 (8.22Ð24.94) 55.80 (28.30Ð83.30)
Imidacloprid 360 0.05 5.51 18.91 (7.85Ð29.97) 61.95 (28.41Ð95.49)
Thiamethoxam 360 0.05 5.12 24.58 (14.32Ð34.85) 67.87 (37.60Ð98.14)
aConcentration that produces 50%mortality in the population relative to the untreated controls. Calculated using a generalized linearmodel.
Table 2. Adult B. occiduus susceptibility from exposure to clothianidin, imidacloprid, and thiamethoxam systemic bioassays
Insecticide n Slope  SE LC50g/ml (95% CL)
a LC90g/ml (95% CL)
Thiamethoxam 360 0.27 1.21 5.75 (3.35Ð8.15) 13.83 (8.85Ð18.81)
Clothianidin 360 0.06 3.96 16.39 (8.54Ð24.23) 50.87 (26.32Ð75.42)
Imidacloprid 360 0.05 4.30 25.07 (16.54Ð33.60) 71.70 (49.13Ð94.27)
aConcentration that produces 50%mortality in the population relative to the untreated controls. Calculated using a generalized linearmodel.
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thiamethoxam being approximately three-fold and
Þve-fold more toxic to adult chinch bugs than either
clothianidin or imidacloprid (Table 2). Interestingly,
although clothianidin and imidacloprid were similarly
toxic to both nymphs and adults, thiamethoxam was
Þve-fold more toxic to chinch bugs adults.
Although clothianidin, imidacloprid, and thiame-
thoxam are in same insecticide class, differences in
physical and chemical properties may inßuence their
toxicity toB. occiduus.For example, thiamethoxamhas
greater water solubility (4.1 g/liter) than clothianidin
(0.30Ð0.34 g/liter) and imidacloprid (0.61 g/liter)
(Tomizawa and Casida 2005), suggesting thiame-
thoxam would be a more effective systemic insecti-
cide.However,manybiotic andabiotic environmental
factors and plant responses are likely to affect toxicity
under Þeld conditions.
Contact Bioassays. Results from probit analysis for
nymphs and adult contact bioassays are reported in
Tables 3 and 4, respectively. All insecticides tested
were toxic to both chinch bug nymphs and adults. As
expected, bifenthrin was signiÞcantly more toxic than
any of the neonicotinoids. Multiple insecticide efÞ-
cacy trials conducted at the University of NebraskaÐ
Lincoln have shown that bifenthrin is extremely toxic to
B.occiduus(Wasemetal. 2007).Results fromthecontact
bioassays support the results of these Þeld efÞcacy trials.
In nymphal bioassays, bifenthrin was 92-, 128-, and
2,029-fold more toxic than clothianidin, imidacloprid,
and thiamethoxam, respectively, and 122-, 73-, and
39-fold more toxic to adults. For the nymphal bioassays,
there were no signiÞcant differences in LC50 values be-
tween clothianidin and imidacloprid. However, both in-
secticides were signiÞcantly more toxic (20-fold) to
chinch bug nymphs than thiamethoxam (Table 3).
SigniÞcant differences were detected among the
neonicotinoid insecticides in adult susceptibility. In
contrast to the nymphal bioassays, thiamethoxam was
more toxic than imidacloprid or clothianidin by ap-
proximately two-fold and three-fold, respectively (Ta-
ble 4). As with the systemic bioassays discussed pre-
viously, thiamethoxam was more toxic to adults than
to nymphs, whereas bifenthrin, clothianidin, and imi-
daclopridweremore toxic tonymphs.Previous studies
suggest neonicotinoid insecticides may have limited
contact activity (Buchholz and Nauen 2001, Maien-
Þsch et al. 2001), so this was not altogether unex-
pected. However, it remains unclear why thiame-
thoxam was more toxic to chinch bug adults than
clothianidin or imidacloprid.
This is the Þrst documented report of the doseÐ
response relationships for B. occiduus and the neoni-
cotinoid insecticides. Adult and nymphal bioassays
were designed to document the relative toxicities of
these insecticides andprovide estimates of chinchbug
susceptibility through contact and ingestion after sys-
temic uptake by the buffalograss. Results of these
bioassays suggest that all three neonicotinoids tested
are toxic to chinch bugs and also exhibit some contact
activity.
Based on observed chinch bug mortality in the sys-
temic bioassays, the neonicotinoid insecticides inves-
tigated seem to be translocated at lethal and sublethal
concentrations up through the roots and into the
stems and above ground leaf tissues where chinch
bugs are feeding. It is well-documented that neonic-
otinoids are xylem-mobile compoundswith translami-
nar movement in the leaves demonstrated an apoplas-
tic translocation pathway, with systemic movement
occurring via the xylem (Westwood et al. 1998, Buch-
holz andNauen 2001,MaienÞsch et al. 2001b,Weichel
andNauen, 2004). Anderson et al. (2006) showed that
B. occiduus feedingonPrestigebuffalograss frequently
probed in thevascular tissueandbulliformcells.These
tissues store water for the plant and may retain trans-
located insecticides. The tendency of the chinch bugs
to probe in these locations could increase insecticide
ingestion and mortality.
The contact bioassays suggested that all neonicoti-
noid insecticides tested have some contact activity
against B. occiduus. Bifenthrin, however, was up to
1,844- and 122-fold more toxic to chinch bug nymphs
and adults, respectively. This suggests that compared
with thepyrethroids and insecticideswithknowncon-
Table 3. Nymphal B. occiduus susceptibility from exposure to bifenthrin, clothianidin, imidacloprid, and thiamethoxam contact
bioassays
Insecticide n Slope  SE LC50g/ml (95% CL)
a LC90g/ml (95% CL)
Bifenthrin 360 127.52 0.001 0.02 (0.02Ð0.03) 0.04 (0.03Ð0.05)
Clothianidin 350 1.35 0.18 1.84 (1.48Ð2.20) 3.46 (2.71Ð4.21)
Imidacloprid 360 0.59 0.45 2.55 (1.65Ð3.44) 6.27 (4.07Ð8.47)
Thiamethoxam 360 0.05 2.96 40.57 (34.72Ð46.42) 89.18 (75.34Ð103.02)
aConcentration that produces 50%mortality in the population relative to the untreated controls. Calculated using a generalized linearmodel.
Table 4. Adult B. occiduus susceptibility from exposure to bifenthrin, clothianidin, imidacloprid, and thiamethoxam contact bioassays
Insecticide n Slope  SE LC50g/ml (95% CL)
a LC90g/ml (95% CL)
Bifenthrin 360 1.06 0.13 0.37 (0.12Ð0.63) 2.44 (1.12Ð3.75)
Thiamethoxam 360 0.13 3.13 14.35 (8.17Ð20.54) 31.84 (16.83Ð46.85)
Imidacloprid 360 0.04 4.39 27.14 (18.47Ð35.82) 77.85 (55.28Ð100.43)
Clothianidin 350 0.03 5.45 45.20 (34.42Ð55.98) 109.95 (85.80Ð134.09)
aConcentration that produces 50%mortality in the population relative to the untreated controls. Calculated using a generalized linearmodel.
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tact toxicity, neonicotinoids may be relatively inef-
fective when topically applied. There were additional
interesting anomalies among the neonicotinoids. The
contact activity of thiamethoxam was 20-fold less
than clothianidin or imidacloprid to B. occiduus
nymphs, but up to three-fold more toxic to adults. In
adult systemicbioassays, thiamethoxamwasup toÞve-
fold more toxic than clothianidin or imidacloprid. In-
terestingly, thiamethoxam was the only compound
more toxic to adults than to nymphs in both contact
and systemic bioassays.
This study provides a better understanding of the
toxicity of neonicotinoids insecticides to B. occiduus
and may have important implications for B. occiduus
management. Traditionally, recommendations have
suggested that insecticide applications should be
timed to control chinch bugs while they are still in
their early developmental stages (Baxendale and
Gaussoin 1997). However, results from the systemic
bioassays suggest no differences in susceptibility
among age classes to either clothianidin or imidaclo-
prid. With these insecticides, treating smaller nymphs
seem to be less important than proper application
techniques and administering the correct rate of in-
secticide targeting active chinch bugs infestations.
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